We transfected Chinese hamster ovary (CHO) cells with a cloned v-mos gene (pHT25). The mos family of oncogenes has previously been shown to have serine-threonine kinase activity. This kinase activity may be required for oncogenic transformation, although its exact biological role is unknown. We found that the transfected cells had an altered morphology, a slower doubling time, and an apparent increase in the amount of a 25-kilodalton (kDa) phosphoprotein that appeared to be of low abundance. Transfection of CHO cells with a cloned temperature-sensitive mos gene (ts159) led to isolation of a cell line that showed the presence of the 25-kDa phosphoprotein at the permissive but not at the nonpermissive temperature, suggesting a direct relationship between mos activity and the presence of this phosphoprotein. The characteristics of altered morphology and depressed growth rate were reminiscent of changes seen after the activation of the cyclic AMP-dependent protein kinase (PKA) in CHO cells. However, PKA activation did not stimulate phosphorylation of this 25-kDa protein, nor was there a change in total PKA activity in these cells. We suggest that the increased presence of the 25-kDa phosphoprotein is a consequence of the v-mos transfection and that it may be involved in the change of morphology and growth rate seen in the CHO cells. Phosphorylation of this protein may be a useful marker of mos and have some functional importance in the transformation of cells by the v-mos oncogene.
We transfected Chinese hamster ovary (CHO) cells with a cloned v-mos gene (pHT25). The mos family of oncogenes has previously been shown to have serine-threonine kinase activity. This kinase activity may be required for oncogenic transformation, although its exact biological role is unknown. We found that the transfected cells had an altered morphology, a slower doubling time, and an apparent increase in the amount of a 25-kilodalton (kDa) phosphoprotein that appeared to be of low abundance. Transfection of CHO cells with a cloned temperature-sensitive mos gene (ts159) led to isolation of a cell line that showed the presence of the 25-kDa phosphoprotein at the permissive but not at the nonpermissive temperature, suggesting a direct relationship between mos activity and the presence of this phosphoprotein. The characteristics of altered morphology and depressed growth rate were reminiscent of changes seen after the activation of the cyclic AMP-dependent protein kinase (PKA) in CHO cells. However, PKA activation did not stimulate phosphorylation of this 25-kDa protein, nor was there a change in total PKA activity in these cells. We suggest that the increased presence of the 25-kDa phosphoprotein is a consequence of the v-mos transfection and that it may be involved in the change of morphology and growth rate seen in the CHO cells. Phosphorylation of this protein may be a useful marker of mos and have some functional importance in the transformation of cells by the v-mos oncogene.
v-mos is an oncogene found in the Moloney murine sarcoma virus (Mo-MSV) (26) . Members of the v-mos gene family have been shown to transform NIH 3T3 cells (5) and rat L6E9 rat myoblasts (37) . Expression of v-mos in L6E9 cells is associated with a decrease in a 55,000-molecularweight protein (37) . The cellular homolog, the proto-oncogene c-mos, has been shown to be transcriptionally active in mouse embryos, ovary, and testes (15, 31) , muscle cells (21) , placenta, brain, kidney, and epididymis (32) , mouse teratocarcinoma cells (27) , and carcinogen-treated liver (8) . The presence of mos RNA in the ovary and testes suggests some role of this gene in reproduction. mos protein translated from c-mos transcripts has not been detected in cells, and v-mos protein is present at only low levels (about 0.0005% of total cellular protein) in cells chronically transformed with v-mos (30) . Acute infection with v-mos is associated with transient higher levels of v-mos protein that may be cytotoxic (7, 29) . The presence of the v-mos gene has also been found to inhibit the transcription of the a2(I) collagen and fibronectin genes (33, 36) . Several oncogenes have been described that code for proteins that have protein kinase activity. While most of these have tyrosine kinase activity, members of the oncogene families v-millraf and v-mos have been shown to phosphorylate only serine or threonine residues (19, 23, 25, 41) . Little is known of the biological role of these oncogenes or their proto-oncogenes (7, 18) . The mos protein, from the HT-1 strain, expressed in Escherichia coli has ATPase activity, binds ATP (34) , and binds DNA in the presence of some nucleoside triphosphates in vitro (35) . The v-mos gene has significant DNA sequence identity with several cellular kinases (4) , including the cyclic AMP (cAMP)-dependent protein kinase (PKA), which also phosphorylates at serine and threonine residues. The role of v-mos kinase activity in transformation is not known, although evidence suggests that a patent ATP-binding site (18) Nucleic acid analysis. DNA was isolated as described previously (2) and digested with restriction enzymes according to the instructions of the manufacturer. Restriction fragments were precipitated and run on agarose gels, blotted onto GeneScreen (New England Nuclear Corp., Boston, Mass.), and hybridized as described previously (1, 39) .
RNA was isolated from cell cultures with guanidine thiocyanate followed by cesium chloride centrifugation (22) , and 10 ,ug of total RNA was glyoxylated and electrophoresed on a 1.5% agarose gel. Electrophoretic transfer of the RNA to GeneScreen membranes was carried out according to instructions provided by the manufacturer, and RNA was then UV cross-linked on the membrane and hybridized (9) . A 1.1-kilobase (kb) XbaI-HindIII fragment coding for an internal portion of the v-mos coding region was labeled with 32P by random primer extension (13) to approximately 109 cpm/Ipg (specific activity) and used in hybridization at a final concentration of 5 x 106 cpm/ml. PAGE. For the protein phosphorylation studies, cells were exposed for 3 h to 0.7 mM 8-Br-cAMP (or control normal medium) before they were labeled for 20 min with 32Pi in phosphate-free medium as described previously (20) . Frac For two-dimensional gel electrophoresis, cell lysates were stored at -70°C prior to use, at which time they were placed in a boiling-water bath for 5 min and then centrifuged at 230,000 x g for 1 h. Portions (25 ,u) of the supernatant were used for two-dimensional gels. Two-dimensional gel electrophoresis was performed with the ISO-DALT system (42) with minor modifications (3). In the first dimension, proteins were separated by isoelectric focusing for 12,000 Vh in tube gels (1.5 by 140 mm) containing 9 M urea and broad-range ampholytes (pH 3.5 to 10.0). In the second dimension the proteins were further separated by SDS-PAGE on gradient slab gels. Following fixation, the gels were dried and autoradiography was performed.
RESULTS
We transfected CHO cells with the plasmid pHT25, a subclone of the HT1 Mo-MSV proviral DNA which carries the complete coding sequence for the v-mos gene and has been shown to transform NIH 3T3 cells (5) . Cells were cotransfected with pSV2-neo, which carries the gene for aminoglycoside phosphotransferase (40) and confers resistance to the neomycin analog geneticin (G418). Clones were selected that were resistant to geneticin. Over 50% of the cotransformed geneticin-resistant clones had an altered morphology compared with the parental cell ( Fig. 1 0.19 h). While the change in morphology and growth inhibitory effects seen after transfection with v-mos appeared somewhat similar to those seen after PKA stimulation, the growth-inhibitory effects of v-mos transfection did not appear to be acting via a detectable stimulation of this kinase activity, since PKA activity with or without cAMP stimulation was present at wild-type levels in the mos transfectants (data not shown).
In order to look at the phosphorylation of substrates, the transfected and parental cells were incubated in 32Pi. Cells were lysed, and the lysate was run on one-dimensional gels.
Equal numbers of lysed cells were loaded per lane. A prominent band that appeared at 25 kDa was apparent in the mosl strain (Fig. 2, lanes 3 and 4) , but not in the wild-type or neo-transfected cells (Fig. 2, lanes 1, 2, 5, 6 ). This band was not appreciably altered after stimulation of PKA with 8-BrcAMP (Fig. 2, lane 4) , nor did it appear in the control cells after 8-Br-cAMP stimulation. No increase in this band was seen in either wild-type or transfected cells after treatment with the phorbol ester phorbol 12-myristate 13-acetate (data not shown). Occasionally overall phosphorylation levels appeared to be higher in mosl lysates. This finding was not consistent, but in all cases the phosphorylated band at 25 kDa was apparent. Figure 3 illustrates that we also saw a 25-kDa phosphoprotein in other CHO cells independently cotransfected with pHT25 and pSV2-neo and selected for G418 resistance. Of 10 independently derived G418-resistant clones, 6 showed the 25-kDa phosphoprotein, and 4 (including mos4-5, Fig. 3 , lane 3) did not. Phosphorylation in this 25-kDa band did not appear to be due to phosphorylation at tyrosine residues, since the band was completely removed after the gel was soaked in alkali (10) (data not shown). When the cell lysate was resolved on two-dimensional gels (Fig. 4) , a spot of this molecular weight was prominent in the mosl cells but only faintly detectable in the parental cells or in cells transfected only with neo. This spot, representing the 25-kDa phosphoprotein, had an approximate pl of 5.7. As in the onedimensional gels, the relative amount of this phosphorylated spot was not appreciably altered after stimulation with 8-Br-cAMP. It appears that transfection yielded a cell line that constitutively has a higher amount of a 25-kDa phosphorylated protein than in the wild-type or control neotransfected cells and that this level is not appreciably altered after stimulation with cAMP. This amount of the phosphorylated 25-kDa protein appears to be unique to the v-mostransfected cells under these conditions, as it was not readily apparent in the parental cell line either without or with treatment with 8-Br-cAMP.
We examined CHO cells transfected with another oncogene, ras, in order to determine whether the presence of the 25- cAMP-dependent protein kinase) were cotransfected with EJ-ras and pSV2-neo DNA. Cells were tested for resistance to G418 and the presence of the ras protein (data not shown).
Cells positive for the ras protein were labeled with 32pi, lysed, and electrophoresed (Fig. 5) . Neither wild-type (Fig.  5, lane 3 ) nor 10215 cells (Fig. 5, lane 4) , both expressing ras protein, showed increased levels of the 25-kDa phosphoprotein. Control cells transfected only with pSV2-neo and showing resistance to G418 (Fig. 2, lane 5; Fig. 5 , lane 4) also did not show the presence of this band. This indicates that the presence of the 25-kDa phosphoprotein appears specific for mos and is not a generalized reaction to the presence of transforming oncogenes.
In order to further delineate the relationship between the v-mos gene, the 25-kDa phosphoprotein, and altered morphology, we transfected wild-type and 10248 (PKA-deficient) cells with neor-ts159, a clone carrying a temperaturesensitive mutant of v-mos (14, 28) and the gene for G418 resistance. This vector causes transformation of rat and mouse cell lines at 32°C, the permissive temperature, but not at 39°C, the nonpermissive temperature. Fourteen independently derived clones transfected with this vector showed an altered morphology when grown at 32°C but not at 39°C and showed the presence of the 25-kDa phosphoprotein at 32°C.
One of these transfectants, mos 3D1 (parental cell, 10248), showed the presence of the phosphoprotein at 32 but not at 39°C. In order to determine how long it took for the phosphoprotein to appear after the appearance of a functional v-mos protein, a time-shift experiment was performed. Cells were grown at 39°C and then shifted to 32°C for various periods before being labeled with 32p;. The phosphoprotein appeared by 1 h after the shift from the nonpermissive to the permissive temperature (Fig. 6, lane 2) . It was more apparent after 2 h and accumulated to a high level by 24 h. This band was not present when mos3D1 was grown at 39°C (Fig.   5, lane 1) or when the parent cell (10248) was grown at either 32°C or 39°C (Fig. 5, lanes 5-6) .
DISCUSSION
The mos family of oncogenes is unusual in several respects. Some of its members have been shown to possess serine-threonine kinase activity (19) . Most other oncogenes with kinase activity, except for the mil-raf family, phosphorylate on tyrosine. The biological role of this serine-threonine kinase activity and its relationship to transformation are unclear. Expression of the mos proto-oncogene appears to be extremely limited, with strong activity only in the ovary, testes, and early embryo (31) . This suggests a role for mos in normal reproduction and development. The possible substrates for any kinase activity of the viral mos or protooncogene are unknown.
Our results show that transfection of a transformed CHO cell line with a vector containing v-mos can lead to a cell line with altered characteristics compared with the parental line. The fact that this cell line is an established "transformed" cell line does not preclude a phenotypic change induced by transfection with an oncogene. The cell line mosl, which was transfected with pHT25, had a slower doubling time, an altered morphology, and an increase in the presence of a phosphoprotein of approximately 25 kDa. The increased abundance of this phosphoprotein may be specific for mos and not a general effect of transfection with an oncogene, since it was not induced by transfection of wild-type CHO cells with another oncogene, EJ-ras. Cells were grown, labeled, and lysed as described previously (19) . Acidic end of the first-dimension gel is on the left.
suggests that this protein is not phosphorylated on tyrosine. Its phosphorylation is not enhanced by increased levels of cAMP or phorbol ester, so presumably it is not phosphorylated or controlled at appreciable levels by PKA or PKC. Our results showing the PKA-deficient mutants (10248) transfected with mos also show increased amounts of the 25-kDa phosphoprotein ( Fig. 6 and unpublished data) are further evidence that PKA is not required for the presence of The changes we saw in the mosl CHO cell line were not an exclusive consequence of transfection with v-mos-containing vector pHT25, since we have seen similar effects on cell shape and the increased presence of the 25-kDa phosphoprotein in CHO cells transfected with v-mos-containing derivatives of the 124 strain of Mo-MSV as well as those transfected with the temperature-sensitive strain ts159.
The increased level of the phosphorylated 25-kDa protein seen in the transfectant containing v-mos may be due to the stimulation of kinase activity that we are unable to detect, possibly directly through the associated intrinsic kinase activity of the v-mos protein that has been reported (19) 
